A high coupling coordination degree of urban land use efficiency promotes sustainable regional economic development. In this study, land use efficiency coupling coordination degrees were calculated for 36 mining cities of western China, with a focus on economic, social, and ecological benefits for land use efficiency. Four years (2000, 2005, 2010, and 2015) of data were selected. A land use efficiency index system was generated and the improved entropy method was used to calculate the index weights of land use efficiency for each year. The spatial distributions of the coupling coordination degree were assessed by the ArcGIS spatial analysis tool. Spatial correlation analysis was conducted for the coupling coordination degree. The following conclusions could be drawn:
Introduction
The ultimate goal of land use is to achieve a comprehensive and coordinated development of economic, social, and ecological benefits of land use [1] . The realization of this goal is affected by regional natural resource endowment, the stage of social and economic development, the degree of land reclamation, and the quality of the ecological environment. Especially in the mining cities of western China, development focuses on and vigorously supports the development of regional urbanization and industrialization [2] . Clearly, an excessively fast pace of urbanization can lead to problems of land use in many respects, e.g., an accelerated decline of ecological quality, land degradation, an increasingly prominent contradiction between humans and land, and a drop of the overall urban land use benefitting level. This also hinders the regional qualitative growth.
Land resources can promote orderly urbanization, and thus, better promoting urban land use efficiency and achieving a high coupling coordination degree with balanced and healthy development 
Data Source
In the ecological benefit system, the utilization of industrial solid waste, innocuous treatment rate of domestic waste, centralized processing rate of wastewater treatment plants, amount of industrial wastewater discharge, and amount of industrial sulfur dioxide emissions originate from the statistical bulletins for the national economic and social development of each prefecture-level city for the relevant years. The green coverage rate of built-up area and park green area originate from China City Statistical Yearbooks.
With regard to social and economic benefits, all data were obtained from the China City Statistical Yearbooks for 2001, 2006, 2011, and 2016 , for eight western provinces (Shaanxi, Gansu, Ningxia, Yunnan, Guizhou, Sichuan, Inner Mongolia, and Xinjiang).
Construction of the Evaluation Index System
Specific to the index level, the selection of indexes should be reasonable, be able to explain the coupling relationship, have the characteristics of representativeness, be easy to handle, and be easy to obtain. For this study, all land areas under the jurisdiction of typical mining cities in western China were selected as the boundary of research areas. Various evaluation dimensions were treated in a quantitative manner, to more accurately measure the comprehensive benefits and coupling coordination degree of land use in cities. The existing research results were mainly obtained from economic benefits and social benefits, while this paper also considers ecological and environmental benefits, mainly as the park green area, green coverage rate, standard-reaching rate of industrial solid waste, domestic waste, wastewater treatment plant and industrial wastewater discharge, and amount of emissions of industrial sulfur dioxide. These factors comprehensively reflect the ecological utilization of urban land and the environmental benefits of urban land use. With regard to social benefits, indexes were mainly selected based on urban public services and infrastructure related to people's social life, including the number of collections in public libraries, the number of beds, and the number of public buses [41] .
With industrialization and the gradual evolution of tertiary industry into the follow-up power of technological progress and economic development (especially the tertiary industry's gradually increased driving force for economic development), the proportion of the tertiary industry for GDP and the added value of the secondary industry and the tertiary industry per km were selected as a measure of economic benefits. This is in line with historical law and the development trend of economic development and urbanization.
Index selection also considered the developmental stages and resource endowments of mining cities in western China. These indexes reflect the internal operation mechanisms of land use efficiency. Prior studies only focused on land use inputs and outputs, which cannot expose land use efficiency internal coupling coordination mechanisms [42] . Therefore, social, economic, and ecological factors should also be integrated into the evaluation of land use efficiency in mining cities of western China (Table 1) . Note: "−" represents a negative effect on land use efficiency; "+" represents a positive effect on land use efficiency.
Data Standardization and Weight Determination
The evaluation indexes for different fields differed in terms of their attributes. The differences between index values were large. To minimize the possible interference caused by these factors, the standard deviation method was used to standardize original data [43] .
In Formula (1), X ij represents the original value of index j of city i, X j represents the mean value of index j, and S j represents the standard deviation of index j.
With MATLAB software, the improved entropy method can be adopted to improve the evaluation indexes. By transforming the data after standardization, the influence of the negative number can rationally be eliminated. After calculation, the range is from −4 to 4. The coordinates can be translated as follows:
On the basis of Formula (2), the data after translation are normalized:
where f ij represents the value after index standardization. The information entropy H j of index j is calculated as follows:
The information weight w j of index j is calculated as follows:
Evaluation Index Calculation
After the standardization processing and weight assignment of original data of the indexes, the linear weighted method was used to evaluate the overall level of the three land use efficiency sub-systems.
In Formula (6), U1, U2, and U3 represent the levels of the three land use efficiency sub-systems (society, economy, and environment, respectively), f ij represents the value after standardization processing of index X ij in the evaluation system (criteria layer and index layer), w j represents the index weight, and m represents the number of indexes in the evaluation system.
Coupling Coordination Model
The term coupling is derived from physics, and indicates that two or more systems or motion forms interact with each other through key factors, such as coupling elements and operation mechanisms, finally leading to coordination. Coordination refers to the cooperation and virtuous cycle between systems or elements [44] .
Based on existing research results, a coupling coordination model of land use efficiency was constructed. Coupling is used to describe the interactions and synergies between systems. The coupling coordination degree indicates the strengths and weaknesses of these interactions [45] . It is a measure used to promote both the synergy and coordinated action of the system to an orderly mechanism. The interaction between and influence of elements of the three sub-systems (society, economy, and environment) of land use efficiency in this study are defined as the coupling of the land use efficiency of mining cities of western China. The coupling coordination model for land use efficiency and mechanisms is presented in Figure 2 .
In this study, "coupling coordination" refers to the interaction between the elements of three sub-systems (economy, society, and ecology) [46, 47] in the land use efficiency of mining cities of western China under complex mechanisms ( Figure 2 ). A coupling coordination model measures the degree of integration between land use efficiency and the urbanization level of mining cities in western China.
In Formula (7), 0 ≤ C ≤ 1. If C = 1, adaptability occurs among the three, which develop in an orderly direction, n; if C = 0, the three are in a disordered state. In Formulas (8) and (9), T represents the land use efficiency. α, β, and γ are undetermined coefficients, which satisfy α + β + γ = 1. The entropy method was applied for objective and accurate evaluation. MATLAB software was used to calculate the following evaluation indices: α, β, and γ, which were 0.4557, 0.3425, and 0.2018, respectively, in 2000; 0.3366, 0.4342, and 0.2292, respectively, in 2005; 0.4038, 0.4166, and 0.1796, respectively, in 2010; and 0.5145, 0.3538, and 0.1317, respectively, in 2015. D represents the coupling coordination degree of economy, society, and ecology. C and T ranged from (0, 1], D ∈ (0, 1]. The higher the value of D, the higher the coordination degree.
The coupling degree was divided into four stages. According to relevant literature and mining city development, a hierarchy was defined using the natural breakpoint method [48] , so that the coupling levels were graded as shown in Table 2 . 
Spatial Autocorrelation Analysis
Spatial autocorrelation analysis was conducted to assess the correlation between the common geographical features or attribute values in a regional unit and its neighbors [49] , which can be analyzed from both global and local perspectives. Global Moran's I was selected to measure the spatial level of land use efficiency coupling coordination. The local LISA index was adopted to describe the local spatial heterogeneity characteristics of land use efficiency coupling coordination, which is conducive to a scientific and reasonable analysis of its internal spatial correlation rules on different spatial units [50] .
In Formulas (10) and (12), D i and D j represent the coupling coordination degree of space units i and j, respectively; D represents the mean value of the coupling coordination degree of space units i and j, respectively; n represents the number of units in the observed space; W ij represents the spatial weight coefficient matrix; S 2 represents the variance of the coupling coordination degree of each spatial element; I represents the global Moran's I; and I i represents the partial LISA index.
Results and Discussion

Measure of Comprehensive Level of Land Use Efficiency
Based on the index data processing method and the land use efficiency measure model, the comprehensive evaluation index values for the land use efficiency of mining cities of western China were calculated for 2000, 2005, 2010, and 2015 ( Figure 3 ). Furthermore, the evolution of the comprehensive level of land use efficiency was explored. First, the overall land use efficiency showed several different time patterns of land use efficiency in mining cities of western China. With regard to the comprehensive level of land use efficiency, Xianyang city of Shaanxi and Erdos city of Inner Mongolia showed a gradual increasing trend; Ya'an city of Sichuan, Xianyang city of Shaanxi, and Liupanshui city of Guizhou showed a first decreasing and then increasing trend; Wuhai city and Baotou city of Inner Mongolia, Panzhihua city of Sichuan, and Zhongwei city of Shaanxi showed a first increasing and then decreasing trend; and Karamay city showed a first increasing, then decreasing, and finally increasing trend.
Secondly, the comprehensive level of land use efficiency in mining cities of western China was divided into three stages. Stage one included Erdos city, Wuhai city, Karamay city, Panzhihua, and Xianyang, with efficiencies above 0.4. Stage two included Zigong, Baotou, Ya'an, and Tong chuan city, with a medium level of land use efficiency that was below that of stage one and with low variability, ranging from 0.2 to 0.4. Stage three included Lincang city, Zhao tong city, Baoshan city, and Longnan city, with a lower land use efficiency and variability, ranging from 0.1 to 0.2. Among these cities, there was a small gap in the comprehensive level of land use efficiency.
In previous studies, the traditional entropy method has often led to a deviation of the evaluation results due to extreme or negative values in the evaluation [51] . In this study, compared with traditional methods, an improved entropy method was applied to measure the land use benefit coupling coordination degree in mining cities of western China, which compensated for the defect of the traditional entropy method through standardization processing. This method can objectively and effectively analyze the information relevance between index variables and avoid the limitation of subjective weighting to a great extent. In addition, the traditional method is usually represented by a radar chart. In this study, Origin software was used to draw the accumulation map of land use efficiency. This meant that it was easy to present an overview of the evolutionary character, and analyze the relationship between social benefits, economic benefits, and environmental benefits.
Measured and Spatio-Temporal Distribution of the Land Use Efficiency Coupling Coordination Degree
Coupling Coordination Degree
Based on the results of Figure 3 , the coupling coordination degree results for mining cities of western China are shown in Table 3 , as a result of combining them with the evaluation model of coupling coordination. According to the grading criteria listed in Table 1 , the coupling coordination degree of the mining cities of western China is in the phase of reluctant coupling coordination, and shows a low level of coupling coordination and moderate coupling coordination. According to the sequence of the coupling coordination degree, the coupling coordination degree was divided into three types (Table 3): and 22.22%, respectively; 3 moderate coupling coordination. In 2000, 2005, 2010, and 2015, there were 0, 0, 2, and 0 cities, respectively, without any city with a high level of coupling coordination. It can be seen that the land use efficiency coupling coordination degree of mining cities of western China is mainly in the stage of a reluctant and low level.
Spatial Distribution of Mining Cities
The results of Table 3 and Figure 4 show the coupling coordination degree spatial distributions, which were combined with the ArcGIS spatial analysis tool. coordination levels in 2010. The discussion is based on the above analysis of the coupling coordination degrees, which were mainly dominated by reluctant and low levels. The coupling coordination degree presented three types (reluctant, low, and moderate), and no city was in the phase of high-level coupling coordination. The radiation driving effect of the core city is obvious.
The previous studies have mainly presented the object of the spatio-temporal distribution [52] . In this paper, with the ArcGIS spatial analysis software and coupling coordination model, the spatial-temporal differentiation characteristics of the coupling coordination level of land use benefits in western mining cities have been explored. The paper also studies the degree of economic, social, and ecological coupling coordination of the factors influencing the coupling coordination level of land use benefit in each research unit. The importance of the ecological and environmental benefits of land use, and the significance of carrying out the comprehensive, sustainable, and harmonious development land use in terms of economy, society, and ecology, have also been demonstrated.
Spatio-Temporal Correlation Analysis of the Land Use Efficiency Coupling Coordination Degree
Global Spatial Autocorrelation Analysis of the Land Use Efficiency Coupling Coordination Degree
GeoDA analysis software was used to conduct a spatial exploration of land use benefits in mining cities of western China. Global spatial autocorrelation of land use benefits was conducted by employing Global Moran's I, which is helpful for assessing the spatial correlation characteristics of land use efficiency coupling coordination ( Figure 5 ). The transverse axis of the scatter plot corresponds to the description variables, and the vertical axis corresponds to the space lag vector. The Moran scatter diagram consists of four quadrants, each with different attributes of spatial autocorrelation. The I quadrant (H -H) and the III quadrant (L -L) represent a positive correlation, and present similar eigenvalues of space, indicating that the eigenvalues of the units are high (low). However, the adjacent area unit eigenvalues are high (low). Usually, this is called the first I and III quadrant hot and cold spots. The II quadrant (L -H) and the IV quadrant (H -L) are negatively related, so the space unit characteristic value is low (high). However, the adjacent space unit characteristic values are high (low) [53] ; if the eigenvalues are evenly distributed in the four quadrants, this indicates that no spatial autocorrelation exists. Objects without spatial association have been deleted, such as Karamay city in Xinjiang. The spatial distribution of the scatter diagram is as shown in the figure below. (Horizontal axis) LUB-CCD represents the land use benefit of the coupling coordinated degree; (vertical axis) W-LUB-CCD is the spatial lag factor for the land use benefit of the coupling coordinated degree.
Four nodes in Nanchong of the first IV quadrant have a higher coupling coordination level and maintained the "high-low" aggregation type, and the coupling coordination level of its adjacent cities is generally low; four nodes are all in Guangyuan city, Pingliang city, and Longnan city. The first II quadrant and its coupling coordination level is low, basically showing a "low-high" aggregation type. However, its adjacent coupling coordination level is relatively high. In addition to Tongchuan city, Baotou city, Erdos city, and Wuhai city are in the first I quadrant (hot spots) ( Table 4 ), indicating that the coupling coordination degree level was relatively high for 2005, 2010, and 2015. Baoshan city, Lincang city, Qujing city, Zhaotong city, and Wuwei city are all in the first III quadrant (cold spot area). Wuzhong city, Zhongwei city, and Silver city were also in the cold spots area in 2005, 2010, and 2015. This indicates that the coupling coordination level is low and the adjacent city's coupling coordination level is also low.
The cities of Moran's I values at four nodes from a negative correlation to positive correlation indicate a gradually increasing level of economic development in mining cities of western China. This aggregation characteristic changes gradually from cities with a low coupling coordination level to those with high coupling coordination. The cities with a high economic development level play a radiating and driving role. Each research unit adjacency relationship is gradually optimized from city to city. However, the number of cities gradually increased in the first III quadrant (cold spot area). This shows that the radiation effect depends on a few cities, such as Baotou city, Ordos city, Wuhai city, and Tongchuan city, which play a radiating and driving role ( Table 5 ). Spatial autocorrelation includes global spatial autocorrelation and local spatial autocorrelation analysis, which was conducted to assess the correlation between the common geographical features or attribute values in a regional unit and its neighbors. In previous studies, the focus has been on the spacetime evolution. Additionally, the spatial distribution factors and coupling coordination mechanism are rarely discussed [54] . In this paper, using Geo DA analysis, we tried to explore the different spatial-temporal characterized and distributed factors of land use benefits in western mining cities. The study showed that the land use benefits from spatial-temporal correlation characteristics, which were mainly affected by the node cities and the horizontal adjacency relation.
Local Spatial Autocorrelation Analysis of the Land Use Efficiency Coupling Coordination Degree
To assess the local agglomeration pattern of evolutionary characteristics and rules, a local indication of spatial association (LISA) agglomeration diagram of the land use efficiency of mining cities of western China was drawn by GeoDA analysis software [55] (Figure 6 ).
An analysis of the results indicates that during the study period, Shizuishan city, Erdos city, Jinchang city, and Wuhai city were the only cities that noticeably aggregated. Furthermore, the aggregation type of a city always changes over time. In 2000, Shizuishan city belonged to the significant type of "low-high", while Erdos city, Jinchang city, and Wuhai city belonged to the non-significant type.
In 2005, Shizuishan city changed to the non-significant type, Erdos was a "high-high" significant type, Jinchang city was a "high-low" significant type, and Wuhai city was still non-significant. In 2010, Erdos city was still a "high-high" significant type, while the other three cities were non-significant. In 2015, Erdos city and Jinchang city remained unchanged, while Shizuishan city and Wuhai city changed to the significant type of "high-high". The characteristics of local aggregated evolution will now be discussed. The coupling coordination level of the land use benefit of the mining cities of western China differs significantly, especially for Baoshan city, Lincang city, Qujing city, Zhaotong city, Wuwei city, Wuzhong city, Zhongwei city, and Silver city, which differ from many other cities and have a low coupling coordination level. These cities showed the characteristic of "high-low" aggregation, with the neighboring city of Nanchong city. In 2000, the coupling coordination level of land use efficiency of Shizuishan city was higher than that of Erdos city, which was clearly affected by Shizuishan city, and both cites showed characteristics of "low-high" aggregation. Along with the promotion of the coupling coordination level of land use benefit of Erdos city, this area showed the characteristic of "high-high" aggregation in 2015. Moreover, Wuhai city had become a hotspot city with the promotion of the coupling coordination, and Jinchang city evolved from "high-low" aggregation to a non-significant type.
Conclusions
Based on the above analysis, the following main conclusions, limitations and future studies can be drawn:
(1) Land use efficiency in the mining cities of western China gradually increased with relatively little variability and overall stability; land use efficiency had a staged distribution and showed different change trends with various time nodes. In 2010, the trends fluctuated noticeably;
(2) Spatial and temporal distribution characteristics of the coupling coordination degree: From 2000 to 2015, the land use efficiency coupling coordination degree ranged from 0.1620 to 5.503. There were three coupling coordination stages (reluctant, low, and moderate level). These were mainly dominated by reluctant and low levels of the coupling coordination degree. The coupling coordination level was relatively low. The different cities of coupling coordination developed produced temporal and spatial differences in the process of their evolution; Baotou city, Wuhai city, Erdos city, and Karamay city had a relatively high coupling coordination degree and played the leading role as the core cities; (3) Spatial autocorrelation analysis of the coupling coordination degree: Land use benefits in mining cities of western Chia showed positive and negative spatial autocorrelations. In 2015, the spatial positive correlation among research units was relatively large. Shizuishan city, Ordos city, and Wuhai city had higher coupling coordination degrees, which is consistent with the result of spatial distribution characteristics (Figure 4 ). During the study period, only Shizuishan city, Ordos city, Wuhai city, and Jinchang city showed significant aggregation types. In 2005, 2010, and 2015, Ordos City was among the "high-high" aggregation type. Other cities had a low coupling coordination degree; (4) In this paper, we selected a specific time of point as the study time scale, due to the limitation of data acquisition. The study on the long-term spatio-temporal evolution and law of land use benefits was affected. In future studies, the accuracy of indicators needs to be improved. Furthermore, MODIS data and Landsat data should be adopted, which can be explored from a land use classification perspective, and the long-term scale of the evolutionary mechanisms and reasons will be explored. 
